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1 Experiment description

This memodescribesa measurementof the amplitudesensitivity of the laserboardphasemeter. Ideally, the phase
meterdoesnot respondto variationsof theamplitudeof theinput;1 in practice,imperfectionsin theanalogelectronics
cancauseintensityfluctuations,asmight be inherentin the lasersource,to appearasfalsechangesin optical path.
Theexperimentalsetupis describedin thelogbookentryfor 25 August1998.Light emittingdiodesweresubstituted
for theoptical input from aninterferometer. Phasemodulationwasusedto checkthecalibrationof thephasemeter,
andamplitudemodulationto measuretheamplitude-sensitivity.

The light intensityof oneLED (“reference”)wasmodulatedat the nominalheterodynebeatfrequency of ω �
100kHz; theother(“unknown”) LED hadthesamesignalplusphaseor amplitudesinusoidalmodulationof frequency
Ω � 78 Hz. TheLED instantaneousandpeakintensitiesaredesignatedV andV0 � respectively.

Phasemodulationwith “modulationindex” Γp generatessidebandsspacedat multiplesof Ω on eithersideof ω �
Themagnitudeof thefirst sidebandsis Γp

�
2 :
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Theapproximationis valid for Γp ��� 1 � Amplitudemodulationof magnitudeΓa generatessidebandsfirst side-
bandsthatlook similar:
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� cos� ωt � 1 � Γa cosΩt ��� (3)

� cosωt � Γa
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 t ��� sin� ω � Ω 
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� (4)

2 Results

Theoutputof thephasemeteris in “cycles”of phase,whereonecyclecorrespondsto λ
�
2 displacement.Thecalibra-

tion wasverifiedby settingup thesignalgeneratorto generatea phase-modulatedsinusoid,with Ω sidebands26 dB
(a factorof 20)below the“carrier” atω � Accordingto Equation2, thiscorrespondsto Γp

� 0 � 1 � Thephasemeterread
outasinusoidof amplitude0.0159cycles0-p,equalto Γp

� � 2π � � asexpected.
Theresultsfor amplitudemodulationareshown in Table1. Althoughthemeasurementwasmadeusingsinusoidal

amplitudemodulation,it is expectedthattheresultsapplyto all frequenciesdown to andincludingd.c.

3 Effect of comparator offset

An offset in the comparatorcircuit that convertsthe heterodynesinewave to a squarewave would causeamplitude
sensitivity. If theoffsetis V1 � thenthecomparatortriggersnotat φ � 0 � but ratherat φ1 suchthat

V1
� V0sinφ1 � (5)

1We considerhereonly fluctuationsthatareslow comparedto theheterodynebeatfrequency. Arbitrarily fastfluctuations,suchasfrom photon
shotnoise,resultin anunavoidablephasenoise—seethearticle“Heterodyneinterferometernoise”athttp://huey.jpl.nasa.gov/ � respero.
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Γa Γa
� � 2π � ∆n (cycles) ∆n

Γa ��� 2π � ∆x � λ
2∆n

0.1 0.0159 8 � 10� 4 0.05 520 pm
0.2 0.035

Table1: Phasemeterreadings(∆n) for variouslevelsof amplitudechange(Γa.) The∆n columnshowsthephasemeter
readout,asprovidedby theVX-WorksStethoscopefront end.Theentriesin thenext columnwouldbeunity for phase
modulationΓp; hencethey indicatethedimensionlessamplitude-to-phasefeedthrough.The∆x columnrepresentsthe
error in mirror positionattributableto amplitudechange.It is basedon λ

�
2 ratherthanλ becausetheopticalpathis

twice thephysicalpathin asingle-bounceinterferometer.

or φ1
� V1

�
V0 � Differentiating,with V1 ��� V0 �

∆φ1
� � V1

V 2
0

∆V0 (6)

� � V1

V0
Γa (7)

whereEquation7 follows from thedefinitionof themodulationdepth,Γa
� ∆V0

�
V0 � In termsof displacementerror,

∆x � λ
4π

V1

V0
Γa (8)

If the∆x in thefirst row of Table1 is dueto thismechanism,it requiresV1
� 100mV, which is implausiblyhigh for a

properlywiredcomparator.
Equation8 is expectedto hold for all frequenciesof amplitudemodulation,and can thereforebe generalized

to RPSD’s. Designatingthe RPSDof intensityfluctuationsby Ĩ � f � andthe averageintensityby IDC � the RPSDof
measureddisplacementin thepresenceof anoffsetis

x̃ � f � � λ
4π

V1

V0

Ĩ � f �
IDC

(9)

4 Requirements on analog electronics

The largestrelevantamplitudechangeis expectedto beover long periods,asfrom changesin laseroutputpower or
gaugealignment.For anallowableintensityfeedthrougherrorof 5pm anda possibleamplitudechangeasmuchas
10% (Γa

� 0 � 1), Equation8 indicatesthat the offset needsto be no morethan1mV. Given a spectrumof intensity
fluctuationsĨ � f � � Equation9 canbeusedto estimatetheastrometricerror.
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